workers compared with controls, particularly among those exposed for at least 10 years (p < 0-05). Exposure to low viscosity oil mist and vapour is the most plausible cause of the fibrosis. Unaffected bellows-function, reduced TLCO, and decreased arterial blood oxygen during exercise is compatible with peribronchiolar fibrosis.
A cross sectional study of25 cable workers exposed to mineral oil aerosols and vapours was Table 1 shows that there were 10 cases of pulmonary fibrosis among the 25 exposed workers, by contrast with only one case among the 25 controls (p < 0-01).
Half of the workers exposed for 10 years or more had fibrosis, and among the workers exposed for less than 10 years, three of the four with fibrosis had been exposed for nine years. The exposed workers had smoked slightly less than the controls. There were 11 present smokers in each group, eight ex-smokers among the exposed workers, and nine ex-smokers among the controls. Two of the impregnation workers with fibrosis were never smokers. The typical description of the cases was that they had a moderate, diffuse basal fibrosis, most of them with the character of linear densities rather than rounded opacities. The ILO classification of the radiographs gave degrees of profusion of small opacities among the exposed of 0/0, 15 persons; 0/1, three persons; 1/0, three persons; 1 / 1, one person; 1/2, two persons; other types of fibrosis, one person. Four of the exposed persons had bilateral and one had unilateral pleural thickening. No pleural changes were calcified. The control person with a positive chest x ray film had profusion of small opacities 0/1, and bilateral pleural plaques along the chest walls. He had been handling, but never cutting, asbestos boards in a storage department since 1948. Table 2 shows the degree of profusion of small opacities for 16 impregnation workers for whom pictures were available from both 1979-80 and 1989-90. We found increased fibrosis in seven impregnation workers, and no cases of regression. Table 3 shows pulmonary function observations for 
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Classification in accordance with ILO. *Profusion of small opacities.
17 exposed workers and their matched controls. Seven of the exposed workers who were tested showed radiological fibrosis. The smoking pattern was similar among exposed workers and controls.
The bellows function (VC, FEV,, MVV), the lung volumes (TLC, RV), and the reaction to moderate standard exercise of short duration (CO2RT, EV, EO2) showed no tendencies for differences between the groups; TLCO and TLCO/TLC, however, showed a clear but not statistically significant tendency towards lower values in the impregnation workers. Table 4 shows that the peak oxygen uptake (VO2 ,) and heart rate on a tread mill were essentially the same in exposed workers and controls, whereas (table 5) .
At maximum exercise, however, P02 and HbO2 were clearly lower among the exposed despite their higher ventilation (table 4) and a tendency to lower PCO2. Also pH at maximum exercise was slightly lower (p < 0 05) among the exposed, workers. The findings on lung function were further analysed with regard to the influence of time of exposure. Only TLCO, TLCO/TLC, and PO2 and HbO2 at maximal exercise showed differences dependent on duration of exposure. Table 6 shows that the values for these parameters were lower in workers exposed for at least 10 years (long term exposed) as compared with controls, but not in those with a shorter exposure time. The calculated difference between medians'6 of TLCO among the long term exposed compared with controls was 1-5 mmol/kPa/ min (92-2% confidence interval (92-2%CI) -0-1 to 3-2). The difference between the medians of TLCO/ TLC among exposed subjects v controls was 0 21 mmol/kPa/min/l (92-2% CI 0-14-0-31). The long term exposed workers tended to have smoked less than matched controls; medians were 22 5 v 39 3 pack-years.
Impregnation workers reported respiratory symptoms more frequently than controls. The median number of positive answers to eight main questions from the BMRC questionnaire was two v one (n = 21, p < 0-05). Among seven workers below the age of 76 and exposed for 10 years or more four showed radiological pulmonary fibrosis. In the group ofseven workers, the median number of positive answers was three v zero among the controls (p < 0 05). Four of the exposed v one control gave a positive answer to the question of breathlessness (p = 0-05). Exposed workers reporting breathlessness showed a tendency towards an increased 'TE.JMVV ratio; median values were 0-78 compared with 0-62 among the matched controls. This ratio did not differ between exposed workers without breathlessness and controls; median values were 0-61 and 0-60 respectively. Table 5 Arterial blood gases at rest and at maximum exercise among 14 oil impregnation workers and matched controls Values are medians; 25-75 percentiles in parentheses.
*p < 0-05; **p < 0 01 (Wilcoxon, one sided, exposed workers v controls). Table 6 TLCO at rest and arterial°2 parameters at maximum exercise among oil impregnation workers and matched controls in relation to duration of exposure steam pipelines and one lead sheathing press. As nearly all impregnation workers had the same low level exposure to asbestos, this material does not permit a multivariate analysis of the influence of exposure to asbestos. Seven of 25 controls had been exposed to low levels of asbestos, however, whereas only one case of fibrosis occurred in this group. If asbestos inhalation alone were responsible for the occurrence ofpulmonary fibrosis, a higher prevalence of pleural changes would be expected than was seen among the exposed workers (20%). In conclusion, background exposure to asbestos may have contributed to the radiographic pulmonary fibrosis, but is unlikely to have been the main cause. Several workers left the impregnation department in 1980, and exposure gradually ceased towards 1983 when production was stopped. None of the workers had been exposed to fibrogenic agents after leaving cable impregnation. Despite this, we found an increase in radiological fibrosis in seven of 16 workers and no cases of regression. This suggests that the type of pulmonary fibrosis acquired during this work may be progressive.
CONSEQUENCES FOR LUNG FUNCTION
As in the previous study,' we found no evidence of poorer bellows function, but TLCO and TLCO/TLC were decreased among the oil exposed workers, compared with controls, and this effect increased with the duration of exposure. The difference could not be explained by age, height, or smoking, as the pairs were matched with respect to these variables.
Oxygen uptake and lactate concentrations at maximum exercise were not different from controls, indicating that the effects on lung function lead to a marginal reduction of the work capacity in most of the exposed workers.
INFLUENCE OF SMOKING
It has been reported that smoking alone can produce diffuse pulmonary fibrosis. 25 In the present study the long term exposed workers tended to have smoked less than controls (tables 1 and 6). Thus smoking alone is unlikely to explain the radiological findings. As practically all the exposed workers were ever smokers, however, the possibility exists that smoking has contributed in some way to the development of fibrosis. This has been shown to be the case for smoking and asbestos. 26 It is established that smoking leads to lower diffusing capacity,27 and one might speculate that an even greater difference in TLCO would have been found, had the exposed workers smoked as much as the controls. Compared with the data of Cotes,'7 the controls of the long term exposed workers had lower values of TLCO than expected for their age. This may be due to the fact that the seven controls for the long term exposed workers were heavy smokers (median value: 39 3 pack-years) with an estimated group average of 17 5 cigarettes a day during their adult lifetime.
RELATION BETWEEN PULMONARY FIBROSIS, FUNCTIONAL CHANGES, AND CLINICAL IMPLICATIONS
Most cases offibrosis were classified according to ILO as 1/1 or lower and 10 of the 17 exposed subjects who were tested for lung function had no radiographic signs offibrosis. Therefore it is not surprising that VC and FEV, showed no definite differences between exposed workers and controls; TLCO and PO2 at exercise are probably more sensitive indicators of fibrosis in the small airways.
At maximum exercise, arterial oxygenation was affected, although the long term exposed workers ventilated more than controls. The combination of essentially unaffected bellows function, reduced TLCO and normal arterial blood gases at rest, and a definite fall in arterial oxygen combined with increased ventilating demands during exercise can be explained by peribronchiolar fibrosis, or loss of pulmonary capillaries, or both. This is a picture similar to that described by other authors. Weill et al28 reported three cases of non-occupational lipoid pneumonia after chronic exposure to mineral oil. One of the patients had pulmonary function tests. These showed no airflow obstruction, but pronounced ventilatory restriction, reduction in gas transfer, and lowered arterial oxygen saturation after exercise. Studies of asbestos exposed workers have shown obstruction of the small airways not detected by ordinary measurements of bellows function, indicating peribronchiolar fibrosis. '9 In this study, the prevalence of respiratory symptoms was increased among impregnation workers, as compared with controls. Eight exposed workers reported breathlessness; four of them, including three with pulmonary fibrosis, had lung function tests. These four had an increased VEmJ/MVV ratio.
This indicates that although the bellows function was unaffected, a moderate functional impairment of the small airways may be accompanied by respiratory symptoms. Routine spirometry testing of workers exposed to oil mist may, therefore, be insufficient in future health surveillance.
Conclusion
The high prevalence of pulmonary fibrosis together with the influence ofthe duration ofexposure suggest a causal relation between oil impregnation work and pulmonary fibrosis. The most plausible cause of the fibrosis is exposure to low viscosity oil mist and vapours. Smoking and industrial exposure to asbestos from heat insulation may have contributed to the radiographic changes, but it is unlikely that these factors alone are responsible. Follow up chest radio-graphs indicate that the fibrosis is progressive after cessation of exposure. The hypothesis that disturbance of the alveolocapillary gas transfer might occur in the absence of disturbed bellows function was confirmed. Both reduced CO transfer capacity of the lungs and lowered arterial oxygenation during exercise were found, despite increased ventilation. These changes are compatible with peribronchiolar fibrosis or "small airways disease." study. 
